Nowadays, the northern part of the Atlantic Rainforest of Brazil is largely destroyed and forest remnants rarely exceed 100 ha. In a 118 ha forest fragment within a state nature reserve of Pernambuco (Reserva Ecológica Gurjaú), we surveyed the orchid bee fauna (Apidae, Euglossini) using eight different scent baits to attract males. Once a month during one year, the bees were actively collected with entomological nets, from November 2002 to October 2003 by two collectors. We collected 2,908 orchid bee males belonging to 23 species, one of the highest richness values of the Northern Atlantic Rainforest. Bees of only two species, Euglossa carolina (50%) and Eulaema nigrita (25%), which occurred throughout the year, accounted for three quarter of the collected individuals. Both species are typical for open or disturbed areas. Rainforest remnants like those of Gurjaú within the predominant sugar cane monocultures in the coastal plains of the northern Atlantic Rainforest play an important role in orchid bee conservation and maintenance of biodiversity.
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Introduction
Orchid bees (Apidae, Euglossini) are found exclusively in the Neotropics, where they play an important role as pollinators of numerous nectar, pollen, resin and perfume flowers in their ecosystems, especially in rainforest habitats (Dressler, 1982; Schlindwein, 2000; Roubik and Hanson, 2004) . They are outstanding insects due to the vivid and brilliant metallic colors of most species, as well as to the conspicuous behaviour of the males, which collect fragrances from flowers of hundreds of plant species, especially orchids, and some other sources (Vogel, 1966; Dodson et al., 1969) . The fragrances are stored in hind leg cavities and supposedly used during mating (Vogel, 1963; Kimsey, 1980; Dressler, 1982; Eltz et al., 1999) . According to Ackerman (1989) and Eltz et al. (2005) , the blends of collected fragrances by males seem to be species-specific.
To date, approximately 50 pure synthetic compounds that make part of the floral bouquet of their perfume flowers are known to attract male euglossine bees (Roubik and Hanson, 2004) . A part of these substances have been used on bating assays, which addressed questions on orchid bee diversity and geographic distribution (e.g. Ackerman, 1983; Janzen et al., 1982; Peruquetti et al., 1999; Nemésio, 2009) , population ecology (e.g. Roubik, 2001) , chemical ecology (e.g. Eltz et al., 1999 Eltz et al., , 2005 and conservation (Powell and Powell, 1987; Tonhasca et al., 2002; Silveira 2007a, 2010) .
The Atlantic Forest north of the São Francisco river, also called Center of Endemism Pernambuco (hereafter CEP), comprises a rich euglossine fauna. Compared to other areas in the Atlantic Forest domain, CEP is the most devastated and the least protected one (Silva and Tabarelli, 2001) . Originally the forest ranged from the state of Rio Grande do Norte to the state of Alagoas covering a total area of almost 60,000 km 2 . Nowadays, more than 95% of the Atlantic Forest has been cleared and the remaining forest area is scattered in small fragments, 80% of them smaller than 50 ha (Ribeiro et al., 2009 ).
The CEP is the habitat of over 50% of all birds occurring in the Brazilian Atlantic forest. In addition this narrow strip of coastal forest houses endemic species of birds, woody plants, bromeliads, frogs and butterflies Tabarelli, 2000, 2001) . Among the endemic insects are the orchid bee species Euglossa perpulchra, Eulaema felipei Nemesio 2010 and Eufriesea pyrrhopyga Faria & Melo 2011 (Moure and Schlindwein, 2002; Nemesio, 2010; Faria and Melo, 2011) . Thus, CEP deserves consideration with respect to local orchid bee species richness, species distribution and composition.
Considering that most orchid bee species are forest dependent key pollinators, the conservation of these bees is crucial for maintenance of forest biodiversity. Therefore, it is necessary to acquire information on the faunistic composition and abundance of euglossine bees of forest remnants, especially in the northern part of the Atlantic Forest. Thus, the main goal of the present study was to inventory the orchid bee fauna of a forest remnant in CEP in order to assess its species richness and composition. Moreover, we discuss ecological characteristics of the most common species in the assemblage.
Material and Methods

Study site
The study was conducted at the Reserva Ecológica Gurjaú (hereafter Gurjaú), located in the municipalities of Cabo de Santo Agostinho, Jaboatão dos Guararapes and Moreno, state of Pernambuco, Brazil. The reserve originates from dispossessed sugar cane farms in the early 20th century in order to supply water to the state capital. Currently, together with the Catende complex, the area is considered a priority for conservation of Atlantic forest north of the Rio São Francisco (Pôrto et al., 2005) . The 866.7 ha large reserve comprises several small forest fragments embedded in an agro-mosaic matrices (Coimbra-Filho and Câmara, 1996) . The largest fragment, known as "Cuxio" (08º 14' 09" S, 35º 03' 45" W), where the sample site was established, is covered by mature rainforest and the most conserved fragment of the Nature Reserve, totalling 118.46 ha and a perimeter of 9,011 m. The climate is humid almost throughout the year, showing fewer rainfalls between October and December. Mean annual precipitation is 2450 mm and mean annual temperature is 25 °C (SUDENE, 1978) .
Sampling
Samplings were carried out once a month from November 2002 to October 2003. Eight different scent baits (filter paper, 10 cm diameter) were placed inside the forest fragment, about 200 m distant from the border, ca. two meters apart from each other and fixed at about 1.5 m height at tree trunks. The baits contained one of the following substances, known to be attractive to orchid bees after a pilot collection at the study site: benzyl acetate, benzyl benzoate, eugenol, β-ionone, 1,8-cineol (eucalyptol), methyl salicylate, skatole and vanillin. All baits were recharged every hour. The sampling period was from 08:00h to 13:00h, the main daily period of scent collection by male euglossine bees (Oliveira and Campos, 1996; Oliveira, 1999; Bezerra and Martins, 2001; Schlindwein and Wittmann, pers. observ.) . The bees arriving on the baits were collected by two collectors, with entomological nets and killed with ethyl acetate. After each 30-minute interval of active collection per hour, we allowed another 30 minutes without disturbance to guarantee unhindered approach of new arriving males and of previously displaced males to return to the scented baits. To our experience, this procedure was especially important for the sampling of shy species. Because scent collection of males at baits lasts for several minutes, the pause was not disadvantageous for sampling bee abundance. Fieldwork, thus, totalled 60 hours, with 30 hours of active collection. The collected specimens were deposited at the Entomological Collections of the Federal Universities of Pernambuco (UFPE) and Minas Gerais (UFMG). Taxonomy follows Rasmussen (2011), Hinojosa-Díaz et al. (2012) and Nemésio and Engel (2012) .
Data analysis
The species abundance data were presented with a rank-abundance where species were plotted according to their percentage cumulative abundance. We produced a species accumulation curve and to verify the sampling effort we used the first order Jackknife index, as Jack 1 =S 0 +f 1 (N-1/N) and the Chao index, as Chao=S 0 +(f 1 2 /2f 2 ), where S 0 is the observed number of species, f1 and f2 are the numbers of species observed single or doubletons and N is the number of sites (Smith and van Belle, 1984; Chao, 1987) . The analysis was performed with R program. Furthermore, we performed a linear correlation between abundance of bees and species richness of orchid bees. The analyses were performed with R program (version 3.1.1).
Results
Two thousand nine hundred and eight orchid bee males belonging to 23 species were collected during the 12 months of sampling at Gurjaú reserve. Species accumulation curves indicated a rapid increase in initial number of species caught (Figure 1) . From the seventh sample, the curve plateaued and raised again in the last sample, after the capture 2815 individuals, when one exemplar of a new species was recorded. According to non-parametric estimators total species richness ranges from 27 to 29 species (Figure 1) . About 50% of the bees were of Euglossa carolina Nemésio, 2009 that together with Eulaema nigrita Lepeletier, 1841 were the most abundant species, representing 75% of the collected individuals (Figure 2) . Euglossa ignita Smith, 1874 and Eulaema marcii Nemésio, 2009 were the next most abundant species (Figure 2 , Table 1 ). These common species were sampled at least in 10 of the 12 months of collection and five species in only one (Figure 3) . Twelve species were represented by less than 10 specimens and four by singletons (Table 1) .
The scent baits attracted between four (benzyl benzoate) and 13 (β-ionone) species. Most individuals were recorded at the baits of β-ionone (46.1%) and skatole (23.6%). On the other hand, vanillin lured four (Eufriesea atlantica, Ef. surinamensis, Euglossa avicula, Exaerete smaragdina) and eugenol (Euglossa aratingae, Exaerete frontalis) two exclusive species but only 2.0 and 2.4% of the total number of euglossine males. Males of Eg. carolina were the most generalist in the use of pure scent compounds and were collected at all eight scent baits. Other species attracted to several scent baits were El. marcii (7 compounds), El. nigrita (7), El. atleticana (6), and Eg. ignita (6) ( Table 1) 
Discussion
Faunistics and richness
The euglossine fauna of the Gurjaú site is characterized by extraordinary high species richness when compared to other Atlantic Forest remnants in NE-Brazil (Rebêlo and Silva, 1999; Bezerra and Martins, 2001; Neves and Viana, 2003; Farias et al., 2008; Ramalho et al., 2013) . The species accumulation curve indicates that the orchid bee community at Gurjaú is well represented, but also that after exhaustive sampling effort rare species may yet appear. Recorded species richness corresponds to 79 and 83% of that indicated by Chao1 and Jacknife1 estimators, respectively. Cordeiro et al. (2013) documented that 15 of 19 species (73%) recorded in an Atlantic Forest remnant in São Paulo state were sampled in the first of a two-year sampling period. In our study, in the first month of sampling, already 65% of the orchid bee species were recorded, documenting the efficiency of the method. The here studied Euglossini assemblage is characterized by the striking dominance of the two probably most common orchid bee species of Brazil: Eg. carolina and El. nigrita, which were pointed out as abundant species also in other surveys within the Atlantic Forest (Ramalho et al., 2009; Aguiar and Gaglianone, 2012; Cordeiro et al., 2013; Ramalho et al., 2013) . All species collected in the present study were already recorded in CEP in nearby areas (Darrault et al., 2006; Nemésio, 2010) , except for Eufriesea surinamensis (Linnaeus, 1758), a common species in the Atlantic Forest south of the São Francisco river (Nemésio, 2009) . A similar high species richness of the Gurjaú site (23 species) within the Atlantic Forest was recorded also at the Nature Reserves "Estação Ecológica de Murici" (ESEC Murici) in the state of Alagoas (Nemésio, 2010) , and at the "Reserva Particular do Patrimônio Natural Frei Caneca" (RPPN Frei Caneca) in the state of Pernambuco (Darrault et al., 2006) , all part of CEP. Most yearlong euglossine surveys in the Atlantic Rainforest, however, revealed much lower species richness than the Gurjaú site (9-20 species) (Peruquetti et al., 1999; Bezerra and Martins, 2001; Tonhasca et al., 2002; Farias et al., 2008; Rosa et al., 2008; Ramalho et al., 2009; Aguiar and Gaglianone, 2012 ; Rocha-Filho and Garofalo, 2013 -two years of sampling). The species richness of the orchid bee fauna of the northern portion of the Atlantic Rainforest almost reaches that of the Amazon and Central American Rainforest (Nemésio and Silveira, 2007b) .
Dominant species
The high abundance of Eg. carolina and El. nigrita, summing three quarter of the recorded males, is remarkable. These species and El. marcii are known to be tolerant to environmental disturbance, nest inside urban environments (Wittmann et al., 2000; Bezerra and Martins, 2001; Nemésio and Silveira, 2007a) and are one of the few euglossine species that occur in the open Caatinga (Zanella, 2000) .
Curiously, males of only these three above mentioned species, out of a total of 16 species, could be experimentally lured to leave closed Atlantic Rainforest to collect fragrances at scent baits presented inside the sugarcane monoculture matrix that commonly surrounds the forest fragments of NE-Brazilian Atlantic Forest (Milet-Pinheiro and Schlindwein, 2005) . The high abundance of these species, thus, may be related to their ability to leave a forest fragment to forage in another one, for example, when resources get scarce. The general abundance patterns of Northern Atlantic Rainforest euglossine communities show that Eg. carolina, El. nigrita and El. marcii are usually among the five dominant orchid bee species in this region under the present environmental conditions (Nemésio, 2009 ). However, we have no functional or ecological explication for the dominance of these species in these forest fragments, since the information on the natural history of these species, their environmental demands, like the relationships to pollen and nectar host plants, cleptoparasites, nesting and reproductive biology are poorly known. The ability of the two dominant species to nest in disturbed surroundings may be considered to explain the high abundance of these bees (López-Uribe et al., 2008) . Dominant species generally contribute most to ecosystem functions and are consistently present in the community over time (Smith and Knapp, 2003) . In pollination systems, the most generalized bee species are usually network keystone-species that interact with a high number of host plants and connect otherwise unconnected subnetworks (González et al., 2010) . In euglossine communities, we could expect that after habitat alterations, the common, and normally generalist species that resisted the habitat alterations are fundamental to maintain part of the local pollinator-plant interactions at least at short term. In future studies, it would be interesting through analyses of pollen grains adhering to the body surface of the bees, to investigate the role of these dominant species on the euglossine-plant interactions.
Our findings on the relationships of euglossine males to pure scent compounds do not provide an explication for the strong dominance of a few species of the local community of Euglossini. Considering that different pure euglossine-luring scent compounds may represent different perfume producing species (Knudsen et al., 2006) , we expected that the more common species are attracted to more scent compounds than rare species, which should be related to their broader sensorial ability to recognize different scents of perfume flowers. On one hand, the most common species were in fact recorded at most scent baits, however, 80% (1174 individuals) of the males of Eg. carolina were attracted to β-ionone and 89% (634) of the males of El. nigrita to skatole. On the other hand, the eight males of the rare Eg. adiastola were recorded on five different scent baits and the 19 males of Eg. amazonica on a total of six. To better understand the relationships of male euglossine bees to floral perfumes and their sensory ability to smell specific scent compounds, it is necessary to apply chemo-ecological tools, for example to test for electrophysiological antennal responses of the different species (see for example Eltz et al., 2008) .
Conservation
In the Center of Endemism Pernambuco only a few, in general, small forest fragments still remain nowadays. These last remaining areas are severely threatened, although in some of them an impressive diversity of life forms can still be found (e.g. Silva and Tabarelli, 2001; Uchoa Neto and Tabarelli, 2002) . The situation of these areas is a matter of concern due to (i) the continued anthropogenic pressures still in course in the region (Olmos, 2005) and (ii) predicted climatic changes that can heavily impact the forest remnants (Williams et al., 2007) , changing their suitability for many species, like the rare and endemic Eufriesea atlantica and Euglossa perpulchra. Therefore, every possible effort to preserve Atlantic Rainforest fragments should be made.
The euglossine species richness observed at the study site suggests that a 100 ha forest remnant can hold a considerable part of the orchid bee richness in the region. The survey of euglossine bees (Darrault et al., 2006 ) and other organisms (Pôrto et al., 2005) at 12 fragments in the CEP showed that the fauna of the largest forest remnant was not significantly richer or more diverse than the smaller ones within a local complex of forest fragments separated often less than 100 m by areas of varying soil use and conservation degree, which provide a permeable matrix for these long-distance pollinators. Males of Exaerete frontalis can forage on 42-115 ha of rainforest and fly up to 5 km away from their core areas (Wikelski et al., 2010) . Males of common species (Eg. carolina, El. nigrita and El. marcii) were shown to be attracted to collect scents at least 500 m distant from forest fragments (Milet-Pinheiro and Schlindwein, 2005) but, on the other hand, are known to be site-constant foragers (López-Uribe et al., 2008) . Orchid bees with well-developed dispersal capacities may thus maintain a certain degree of connectivity of the forest fragments (Ramalho et al., 2013) . The small forest remnants like Gurjaú reserve can still hold viable populations of a subset of euglossine species of the original Atlantic Forest fauna and may also act as important centers of dispersion or be part of future corridors connecting restored forest fragments.
In this study we presented the species composition of Euglossini bees occurring in one of the few remnants of the highly perturbed Atlantic Forest in Pernambuco. The study contributes to future biogeographical studies providing new data of the geographical occurrence of euglossine species and faunistic information of a region considered as a key communication point of Amazonian and Atlantic forests during the Cenozoic (Prance, 1982) . Despite several studies on euglossine faunas in Brazil, the biology of the group is so far not sufficiently known to present a conclusive explanation about the causes of the marked dominance of few common species in the assemblages. From a conservationist point of view, the outstanding species richness found in the study site reinforces the importance to maintain "biodiversity friendly" and connected forest remnants even if small and neighbouring cities.
